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Abstract - 
Fokker-Plsnck coefricients for a test particle distribution in 8n 

equilibrium electron plasma are calculated f’rom the generalized Balescu- 

hnard equation. Ihe results are found to disagree slightly from those of 

Rostoker and Rosenbluth. 



In  t h i s  communication, we s h a l l  derive a Fokker-Planck equation f o r  a 

"test p a r t i c l e "  d i s t r ibu t ion  from the  many-species Balescu-Lenard equation. 

The f r i c t i o n  and dispersion coef f ic ien ts  are found t o  d i f fe r  somewhat from 

those previously calculated by Rostoker and Rosenbluth.' A reason f o r  the 

discrepancies i s  advanced. 

For a s p a t i a l l y  uniform, many-species plasma, the Balescu-Lenard equation 

generalizes to2 : 

where 

and 

In these equations,  mi, ei, ni, and f .  are t h e  mass, charge, number densi ty ,  

and velocity-space d i s t r ibu t ion  function (normalized t o  uni ty)  of  the i t h  

charge species. The plasma dispersion function D+ is defined by 
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where the contour C is from - 0 t o  - 0 f o r  R e  p > O ,  but passes around 

the  point u = ip /k  as p passes i n t o  i t s  l e f t  half-plane. 

following def in i t ions :  

We a l s o  have the  

We now consider the case i n  which a very tenuous stream of "test" p a r t i c l e s  

(charge Ze, mas8 M ) is  moving through an e lec t ron  plasma, i n  equilibrium. 

There i s  assumed t o  be a uniform, immobile pos i t ive  background; t o  allow 

d i sc re t e  ions would only increase the  algebra,  and would not al ter the technique, 

t 

For t h e  e lec t rons ,  w e  have the Maxwell d i s t r ibu t ion :  

If t he  number density of t h e  e lec t rons  i s  no and t h a t  of  t he  test  stream nt,  

we express the  smallness o f t h e  test  p a r t i c l e  concentration by 

t n 

n - < e l  . 
0 

We s h a l l  assume t h a t  nt is  i n  f a c t  so small t h a t :  

(i ) 

(ii) t h e  tes t  p a r t i c l e s  do not d i s t o r t  f 

e lec t rons  . 

in te rac t ions  between test  p a r t i c l e s  are negl ig ib le  ; 

t h e  d i s t r ibu t ion  of  "field" 
m' 
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To lowest s ign i f icant  order i n  nt/nos it follows t h a t  (1) reduces t o  

a Fokker-Planck 

a t  

equation ( i n  the o r ig ina l  sense) :  

- 
where the coef f ic ien ts  of dynamical f r ic t ior ,  aid dispersion are given by 

If we write 

D + (-a, iL3.Xl) i 1+ a.y u2 (10 1 

k: 
and note t h a t  Y depends only on the  d i rec t ion  ICC/~~~~, and not on Ik I 
two of t h e  in t eg ra l s  i n  ( 3 )  can be car r ied  out, 

-1 
Thus 

We have chosen the  "one" coordinate 

vanishing components of 9 are &22, 
3 component of a uni t  vector i n  t h e  

- 
a x i s  along v 

Q339 and Q =Q and+, i s  e i ther  the  2 01" 

plane perpendicular t o 3 - L  . .-  

n l s  and the  only non- 1% - 
3L 13 

~, - / 
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i n t e g r a l  i n  (11) has been cut  off at ko; l / k  

a t  which the i n t e g r a l  i s  usually cut  o f f  394 

is t h e  dis tance of c loses t  approach 

l / k ; e k .  

0 

Now suppose w e  consider t h e  case i n  which the  t e s t -pa r t i c l e s  have 

ve loc i t i e s  considerably higher than the  e lec t ron  thermal speed ( K T  /h)'o 

Then t o  the  lowest s ign i f i can t  order i n  l/ulg where u 1 = 1- k .V; /# ,  

say, 

It i s  in s t ruc t ive  t o  divide the  wave number in tegra t ion  i n  (11) i n t o  two 

ranges, namely from k t o  k and 0 t o  kDs where k is t h e  Debye w a v e  number, D 0 D 

( 4 m 1 ~ e ~ / K T ) ~ / *  "he result f o r  (g)aB the  aB t h  component of is: - 

(corresponding t o  kD$ k < k ) , and 1' 0 
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from 

14 we neglect the slow Cp dependence of the  loga r i thmin  L and S: t h e  remaining 

in tegra t ion  i n  (13) can be done, and gives 

b where g = v1 - I With t h i s  expression f o r  9, t h e  coef f ic ien t  of f r i c t i o n  - - 
readi ly  s impl i f ies  t o  

If we compare t h e  expression (19) with equations (38)  and (39) of 

reference 1 ( the  Rostoker-Rosenbluth expression f o r  F 

of our expression (El)), we f ind disagreement with t h e  numerical coef f ic ien ts ,  

should be MtF,vl/vl 
II .-. 

We believe t h a t  these discrepancies could be due t o  some combination of 
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the  following: 

(15) of reference 1 which are comparable with those retained,  f o r  t h i s  case; 

and (ii) more fundamentally, the multiple t i m e  s ca l e  aspects of t h e  BBGKY 

formalism do not seem t o  have been consis tent ly  used. 

of expanding the  t i m e  der ivat ive of t h e  one-body d i s t r ibu t ion  i n  powers of the 

plasma parameter, as is usually done (2,5),  t h e  one-body d i s t r ibu t ion  i t se l f  

has been expanded. 

Fokker-Planck equation i n  the o r ig ina l  sense, i n so fa r  as the  last two terms of 

it do not contain w 

of t h i s  equation, these last two terms amount only t o  an inhomogeneous dr iving 

term. 

(i)  there  appear t o  have been terms dropped from equation 

Contrary t o  t h e  procedure 

Thus eq. (20) of  reference 1 could not possibly lead t o  a 

a t  a l l ,  but only t h e  zeroth order  part of it. FOP purposes i 

In conclusion, we l i s t  f o r  t h e  sake of completeness t he  leadfng terms of 
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